MD (Neonatology)
As mentioned above, causative organisms of neonatal infections are diverse in their epidemiology, clinical presentation, diagnosis and management. However, in this updated review we will principally emphasize and focus on bacterial sepsis in the newborn.
Epidemiology and Public Health Issues
Neonatal mortality is increasingly recognized as an important global public health challenge that must be addressed if we wish to reduce child death disparities between rich and poor countries. Most of the estimated 4 million neonatal deaths per year occur in low and middle income countries. More than one-third of neonatal deaths are estimated to be due to severe infections, and a quarter is due to the clinical syndrome of neonatal sepsis/pneumonia 4 .
The reported incidence of neonatal sepsis varies from 7.1 to 38 per 1000 live births in Asia, from 6.5 to 23 per 1000 live births in Africa, and from 3.5 to 8.9 per 1000 live births in South America and the Caribbean. By comparison, rates reported in the United States and Australia range from 1.5 to 3.5 per 1000 for earlyonset sepsis and up to 6 per 1000 live births for lateonset sepsis, a total of 6 -9 per 1000 for neonatal sepsis 5 .
Currently, neonatal mortality rate in Bangladesh is 32 per 1000 live births which accounts for 60% of all underfive deaths 6 . In a study assessing causes of neonatal deaths in rural Bangladesh it is shown that sepsis/ meningitis constituted 12% of direct causes of neonatal deaths 7 . In another study conducted in Dhaka slums showed sepsis as a direct cause of neonatal deaths in 20% cases 8 . In another study in Bangladesh, estimated causes of mortality around the year 2010 for 102,000 neonatal deaths showed that severe infections (sepsis, meningitis, pneumonia and tetanus) contributed 20% of neonatal deaths 9, 10 .
differentiate an illness of microbial origin from an identical clinical syndrome that can arise in several non-microbial conditions 11 . When accompanied by evidence of hypoperfusion or dysfunction of at least one organ system, this becomes 'severe sepsis'. Finally, where severe sepsis is accompanied by hypotension or need for vasopressors, despite adequate fluid resuscitation, the term 'septic shock' applies 11 . Within this terminology, the archaic term 'septicemia', which persists in the language of the non-specialist and layman, straddles the definitions of sepsis, severe sepsis, and septic shock 11 .
Neonatal sepsis is a clinical syndrome of systemic illness accompanied by bacteremia occurring in the first month of life 12 . The condition may be defined both clinically and/or microbiologically, by positive blood and/or cerebrospinal fluid cultures 5 .
Classification
Neonatal sepsis may be classified according to the time of onset of the disease: early onset (EOS) and late onset (LOS). The distinction has clinical relevance, as EOS disease is mainly due to bacteria acquired before and during delivery, and LOS disease to bacteria acquired after delivery (nosocomial or community sources). In the literature, however, there is little consensus as to what age limits apply. A few papers distinguish between very early onset (within 24 hours), EOS (24 hours to six days), and LOS (more than six days) sepsis 5 . Very late onset sepsis is demarcated by onset at >30 days of age.
Risk factors
Several obstetric and neonatal factors have been identified that may be associated with an increased risk of neonatal infection. The presence of any of these factors alone is not an indication for a complete sepsis work-up and antibiotic therapy; however, combinations of risk factors are clearly additive and should greatly enhance the suspicion of sepsis. 13 • Prematurity and low birthweight • Infants with galactosemia (predisposition to E. coli sepsis), immune defects, or asplenia.
• Other factors: Male sex (four times more affected than females), bottle-feeding (as opposed to breast-feeding), low socio-economic status, improper handwashing practice of NICU staff and family members etc.
Causative organisms
Pathogens causing neonatal infections and their antibiotic susceptibility pattern may change over time [14] [15] [16] and differ between countries 17 .
Neonatal surveillance in developed countries generally identifies Group B Streptococcus (GBS) and E. coli as the dominant EOS pathogens and coagulasenegative staphylococci (CONS) as the dominant LOS pathogen followed by GBS and Staph aureus. In developing countries, overall, Gram negative organisms are more common and are mainly represented by Klebsiella, E. coli and Pseudomonas. Of the Gram positive organisms, Staph aureus, CONS, Streptococcus pneumoniae, and Streptococcus pyogenes are most commonly isolated. 18 Agents that commonly cause nosocomial infection are coagulase- Normal nursery, NICU, NICU, community NICU, community community negative staphylococci, gram-negative bacilli (E. coli, Klebsiella pneumonia, Salmonella, Enterobacter, Citrobacter, Pseudomonas aeruginosa, Serratia), Enterococci, and S. aureus 3 .
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Pathogenesis
The pathophysiology of sepsis arises largely from the response of the host's innate immune system under the influence of genetic factors. Sepsis originates from a breach of integrity of the host barrier, either physical or immunological, and direct penetration of the pathogen into the bloodstream, creating the septic state. 11 Pathophysiological pathways of sepsis: 11
Clinical manifestations
The signs and symptoms of sepsis are influenced by the virulence of the pathogen, the portal of entry, the susceptibility and response of the host, and the temporal evolution of the condition. 11 Initial signs and symptoms of infection in newborn infants: 3 • General: Fever, temperature instability, "not doing well", poor feeding, edema
• Gastrointestinal system: Abdominal distension, vomiting, diarrhea, hepatomegaly
• Respiratory system: Apnea, dyspnea, tachypnea, retractions, flaring, grunting, cyanosis
• Renal system: Oliguria
• Cardiovascular system: Pallor, mottling; cold, clammy skin, tachycardia, hypotension, bradycardia
• Central nervous system: Irritability, lethargy, tremors, seizures, hyporeflexia, hypotonia, abnormal Moro reflex, irregular respirations, full fontanel, high-pitched cry
• Hematologic system: Jaundice, splenomegaly, pallor, petechiae, purpura, bleeding
Early-onset sepsis is usually a multisystem illness with prominent respiratory symptoms. It is characterized by a sudden onset and fulminant course that can progress rapidly to septic shock and death. Late-onset sepsis is usually more insidious but it can be fulminant at times. In addition to bacteremia, these infants may have an identifiable focus, most often meningitis in addition to sepsis. 12 
Pathophysiological pathwys of sepsis
Evaluation and Diagnosis
Blood culture is the gold standard for the diagnosis of sepsis. However, it is not error free because it can be falsely sterile because of insufficient sample volumes, intermittent or low-density bacteremia, or suppression of bacterial growth by earlier antibiotic administration. Positive cultures reportedly range from 8 -73% in the diagnosis of potential neonatal sepsis. On the other hand, high rates of culture contaminants have also been reported. Sepsis screen 13 Although diagnostic tests are frequently ordered to identify infants with probable sepsis, their main benefit is to exclude disease in infants with a low probability of infection. A combination of diagnostic tests improves the predictive values over use of a single test. One suggested sepsis screen is given below:
Test Point value
Absolute neutrophil count <1,750/cmm 1 point Total WBC <7,500 or >40,000/cmm 1 point I:T neutrophil ratio > 0. 2 1 point I:T neutrophil ratio > 0. 4 2 points CRP+ (> 1.0 mg/dL) 1 point CRP+ (> 5.0 mg/dL) 2 points
The screen result is considered positive if 2 or more points are present. It is important to recognize that no sepsis screen is perfect, and one should err on the side of caution with neonatal sepsis.
Newer Diagnostic Tools
Candidate biomarkers for diagnosis of sepsis: 11 • Acute phase reactants: C-reactive protein, ferritin, lactoferrin, neopterin, procalcitonin, serum amyloid A 
Management
Empirical treatment
Treatment is most often started before a definitive causative agent is identified. It consists of a penicillin, usually ampicillin, plus an aminoglycoside such as gentamicin. In nosocomial sepsis, the flora of the NICU must be considered; however, generally, staphylococcal coverage with vancomycin plus an aminoglycoside such as gentamicin or amikacin is usually begun. 12 Specific treatment Specific or continuing therapy is based on culture and sensitivity results, clinical course, and other serial laboratory studies. Monitoring for antibiotic toxicity is important as well as monitoring levels of aminoglycosides and vancomycin. 12 It is better to follow institutional guidelines as it is based on antibiogram which varies in different institutes. 12 • Thermal care: Thermo-neutral environment should be ensured
Supportive care
• Respiratory: Adequate oxygenation with blood gas monitoring, and initial oxygen therapy or ventilator support (if needed) must be ensured.
• Cardiovascular: Blood pressure and perfusion must be supported to prevent shock. Volume expanders like normal saline, and inotropes such as dopamine or dobutamine may be needed.
Intake and output of fluids should be monitored.
• Hematologic: DIC and neutropenia should be treated as per standard protocol.
• CNS: Seizures and SIADH should be addressed with proper attention.
• Metabolic: Hypoglycemia, hyperglycemia and metabolic acidosis should monitored and treated accordingly. Mortality rates from the sepsis syndrome depend on the definition of sepsis. As all bacteremic infections are included in the definition, reported mortality rates in neonatal sepsis are as low as 10%; but the rate may be as high as 50%. Several studies have documented that the sepsis case fatality rate is highest for gram-negative and fungal infections. 19 The case fatality rate for neonatal bacterial meningitis is between 20% and 25%. A number of neurologic sequelae may be encountered in infants with sepsis but without meningitis, as a result of cerebritis or septic shock. Extremely LBW infants (<1000 g) with sepsis are at increased risk for poor neurodevelopment and growth outcomes in early childhood. • Universal precautions with all patient contact: Gloves, gowns, mask, and isolation as needed
Advances in Therapy
• Nursery design engineering: Appropriate nursing: patient ratio, avoid overcrowding and excessive workload, readily accessible sinks, antiseptic solutions, soap, and paper towels
• Handwashing
• Minimizing central venous catheter contamination
• Meticulous skin care
• Encourage early and appropriate advancement of enteral feeding
• Education and feedback for nursery personnel
• Continuous monitoring and surveillance of nosocomial infection rates in the NICU
Future Developments and Research Priorities
There are a number of important gaps in our knowledge, and there is an urgent need for studies looking at simple and sustainable interventions to reduce the burden of neonatal infection. Longitudinal surveillance to describe the varied pathogens causing neonatal sepsis as well as their changing antibiotic susceptibility profile is important. Without such a platform, the introduction of new methods of prevention is difficult. 5 Research is also ongoing into blocking some of the body's own inflammatory mediators that result in significant tissue injury, including endotoxin inhibitors, cytokine inhibitors, nitric oxide synthetase inhibitors, and neutrophil adhesion inhibitors. Studies are ongoing to test if probiotics with or without lactoferrin will be helpful in the prevention or modulation of neonatal sepsis. 12 
